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INTEGRATED ANASTOMOSIS TOOL WITH GRAFT VESSEL ATTACHMENT 

DEVICE AND CUTTING DEVICE 

Cross Reference to Related Applications 

[0001] This application is a divisional of U.S. Patent Application Serial No. 10/001,962, 
filed on December 5, 2001; which in turn is a continuation-in-part of U.S. Pat. No. 6,371,964; 
which in turn is a continuation-in-part of U.S. Pat. No. 6,428,550; all of which are incorporated 
by reference in their entirety. 

Field of the Invention 

[0002] The invention relates to an integrated anastomosis tool with a graft vessel 
attachment device and a cutting device, and more particularly, the invention relates to a system 
and method for both creating an opening in a target blood vessel and performing an anastomosis 
procedure with a single integrated tool. 

Description of the Related Art 

[0003] Vascular anastomosis is a procedure by which two blood vessels within a patient 
are surgically joined together. Vascular anastomosis is performed during treatment of a variety 
of conditions including coronary artery disease, diseases of the great and peripheral vessels, 
organ transplantation, and trauma. In coronary artery disease (CAD) an occlusion or stenosis in 
a coronary artery interferes with blood flow to the heart muscle. Treatment of CAD involves the 
grafting of a vessel in the form of a prosthesis or harvested artery or vein to reroute blood flow 
around the occlusion and restore adequate blood flow to the heart muscle. This treatment is 
known as coronary artery bypass grafting (CABG). 

[0004] In conventional CABG, a large incision is made in the chest and the sternum is 
sawed in half to allow access to the heart. In addition, a heart lung machine is used to circulate 
the blood so that the heart can be stopped and the 
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anastomosis can be performed. During this procedure, the aorta is clamped which 
can lead to trauma of the aortic tissue and/or dislodge plaque emboli, both of 
which increase the likelihood of neurological complications. 
[0005] In order to minimize the trauma to' the patient induced by conventional 
CABG, less invasive techniques have been developed in which the surgery is 
performed through small incisions or keyhole openings in the chest with the aid of 
visualizing scopes. Less invasive CABG can be performed on a beating or stopped 
heart and thus may avoid the need for cardiopulmonary bypass. 
[0006] In both conventional and less invasive CABG procedures, the surgeon 
has to suture one end of the graft vessel to the coronary artery and the other end of 
the graft vessel to a blood supplying vein or artery. The suturing process is a time 
consuming and difficult procedure requiring a high level of surgical skill. In order 
to perform the suturing of the graft to the coronary artery and the blood supplying 
artery the surgeon must have relatively unobstructed access to the anastomosis site 
within the patient. In the less invasive surgical approaches, some of the major 
coronary arteries including the ascending aorta cannot be easily reached by the 
surgeon because of their location. This makes hand suturing by keyhole access 
either difficult or impossible for some coronary artery and aortic sites. In 
addition, the conditions of some target vessels,, such as heavily calcified coronary 
vessels, vessels having very small diameters, and previously bypassed vessels may 
. make the suturing process difficult or impossible. 

[0007] Accordingly, it would be desirable to provide a sutureless vascular 
anastomosis device which easily connects a graft vessel to a target vessel. 
Sutureless vascular anastomosis devices have been proposed such as those 
described in U.S. Patent Nos. 5,234,447; 5,695,504; 6,113,612; and 6,152,937 
which allow the connection of the end of a graft vessel to a side of a target vessel 
without hand suturing. However, performing an anastomosis procedure with these 
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sutureless devices still requires clamping of the target vessel prior to formation of 
an incision in the target vessel and connection of the graft vessel to the target 
vessel. 

[0008] U.S. Patent No. 6,068,637 describes the combination of an intra vascular 
catheter, clips, and a cutter used to perform a vascular anastomosis procedure 
without the need to clamp the target vessel during the anastomosis procedure. 
However, this system has the drawback that the cutter is inserted through the 
lumen of the graft vessel. It is highly undesirable to insert any instrument, such as 
the cutter, through the lumen of a graft vessel because such a procedure causes 
damage to the endothelial cells lining the graft vessel and associated difficulties. 
[0009] Accordingly , it would be desirable to provide a sutureless vascular 
anastomosis device which connects a graft vessel to a target vessel without the 
need to clamp the target vessel or to pass an instrument through the lumen of the 
graft vessel. 

* 

Summary of the Invention 

[0010] The present invention relates to an anastomosis tool for forming an 
opening in a target vessel and connecting a graft vessel to the target vessel 
including a tool body, a cutting device movably attached to the tool body and 
having a distal end configured to form an opening in the target vessel, and a graft 
vessel attachment device movably attached to tool body and having a distal end 
configured to connect the graft vessel to the target vessel. 
[0011] In accordance with one aspect of the present invention, an anastomosis 
tool for forming an opening in a target vessel and delivering an anastomosis device 
connecting a graft vessel to the target vessel includes a graft vessel attachment 
device having a proximal end, a distal end, a lumen extending substantially from 
the proximal end to the distal end, an axis of the lumen, and an off-axis area 
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extending outward from the lumen at a location between the proximal end and the 
distal end, and a cutting device slidably disposed within the lumen, the cutting 
device configured to extend beyond the distal end of the tool body to form an 
opening in the target vessel and to move into the off-axis area of the tool body 
after formation of the opening. 

[0012] In accordance with an additional aspect of the present invention, a device 
for forming an opening in a target vessel and delivering an implantable 
anastomosis device to connects graft vessel to the target vessel includes, a tool 
body having a lumen for delivering an implantable anastomosis device to a target 
vessel, the lumen having an axis, a graft vessel attachment device movable within 
the lumen of the tool body for delivering the implantable anastomosis device to the 
target vessel to connect a graft vessel to the target vessel, and a cutting device for 
forming an opening in the target vessel substantially along the axis of the tool 
body, the cutting device being movable within the lumen of the tool body. At least . 
one of the graft vessel attachment device and the cutting device is configured to 
move transversely out of the lumen. 

[0013] In accordance with a further aspect of the invention, a device for forming 
an opening in a target vessel, delivering an implantable anastomosis device to the 
target vessel, .and connecting a graft vessel to a target vessel, includes a cutting 
device configured to form an opening in the target vessel and a graft vessel 
attachment device configured to deliver and deploy an implantable anastomosis 
device to connect the graft vessel and the target vessel. The cutting device and the 
graft vessel attachment device are provided in an integral tool which does not pass 
elements through a lumen of the graft vessel. 

[0014] In accordance with an additional aspect of the present invention, a 
method of performing anastomosis includes providing an anastomosis tool body 
having a cutting device and a graft vessel attachment device movable connected by 



Patent 

Attorney Docket No. 032405-056 

the anastomosis tool body; forming an opening in the wall of a target vessel with 
the cutting device; moving the cutting device out of the opening in the wall of the 
target vessel without moving the cutting device through a lumen of the graft 
vessel; passing the graft vessel attachment device into the opening in the wall of 
the target vessel; and performing an anastomosis with the graft vessel attachment 
device. 

[0015] In accordance with a further aspect of the invention, an anastomosis tool 
for forming an^opening in a target vessel and connecting a graft vessel to the target 
vessel includes a tool body having an opening at a distal end, a cutting device 
positioned in the tool body and having a distal end configured to form an opening 
in the target vessel. The cutting device distal end is movable through the opening 
in the distal end of the tool body. A graft vessel attachment device is positioned in 
the tool body and has a distal end configured to connect the graft vessel to the 
. target vessel. At least the distal end of the graft vessel attachment device is 
movable through the opening in the distal end of the tool body. 
[0016] In accordance with an additional aspect of the present invention, a device 
for forming an opening in a target vessel, delivering an implantable anastomosis 
device to the target vessel, and connecting a graft vessel to a target vessel includes 
a cutting device configured to form an opening in the target vessel and a graft 
vessel attachment device configured to deliver and deploy an implantable 
anastomosis device to connect the graft vessel and the target vessel. The cutting 
device and the graft vessel attachment device are mechanically linked to 
sequentially pass the cutting device and the graft vessel attachment device through 
a predetermined point at an anastomosis site. 
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Brief Description of the Drawing Figures 

[0017] . The invention will now be described in greater detail with reference to 
the alternative embodiments illustrated in the accompanying drawings, in which 
like elements bear Jike reference numerals, and wherein: 

[0018] FIG. 1 is a perspective view^of an integrated anastomosis tool according 
to the present invention; 

[0019] FIG. 2 is a front view of the integrated anastomosis tool of FIG. 1; 
[0020] FIG. 3 is a cross sectional perspective view of the integrated anastomosis 
tool of FIG. 1, taken along line A- A of FIG. 2; 

[0021] FIG. 4 is a cross sectionarperspective view of the integrated anastomosis 

tool of FIG. 3 with the introducer and punch in an advanced position; 

[0022] FIG. 5 is a cross sectional perspective view of the integrated anastomosis 

tool of FIG. 3 with the punch in a partially retracted position; 

[0023] FIG. 6 is a cross sectional perspective view of the integrated anastomosis 

tool of FIG. 3 with the cutting device in a fully retracted position and the graft 

vessel attachment device in an advanced position; 

[0024] FIG. 7 is a cross sectional perspective view of an alternative embodiment 
of an integrated anastomosis tool with a cutting device and graft vessel attachment 
device. in retracted positions; 

[0025], FIG. 8 is a cross sectional perspective view of the integrated anastomosis 
tool of FIG. 7 with the cutting device in an advanced position; 
[0026] FIG. 9 is a cross sectional perspective view of the integrated anastomosis 
tool of FIG. 7 with the cutting device in a retracted position and the graft vessel 
attachment device in an advanced position; 

[0027] FIG. 10 is a cross sectional perspective view of another embodiment of 
an integrated anastomosis tool with a side mounted graft vessel attachment device 
and a cutting device in an advanced position; 
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[0028] FIG. 11 is a cross sectional perspective view of the integrated 
anastomosis tool of FIG. 10 with the cutting device in a retracted position and the 
graft vessel attachment device beginning to be advanced; 
[0029] FIG. 12 is a cross sectional perspective view of the integrated 
anastomosis tool of FIG. 10 with the graft vessel attachment device advanced; 
[0030] FIG. 13 A is a cross sectional perspective view of a further embodiment 
of an integrated anastomosis tool according to another embodiment of the 
invention; 

[0031] FIG. 13B is a cross sectional perspective view of another embodiment of 

an integrated anastomosis tool with a pivoting introducer; 

[0032] FIG. 14 is a schematic perspective view of one embodiment of a graft . 

vessel attachment device for use in the present invention; , 

[0033] FIG. 15 is an enlarged perspective view of a portion of the graft vessel 

attachment device of FIG. 14 with an implantable anastomosis device positioned 

thereon; 

[0034] FIG. 16 is a side view of a cutting device having a piercing element in 
side window through which the piercing element is retractable in accordance with, 
one embodiment of the invention; 

[0035] FIG. 17 is a front view of the cutting device of FIG. 16; 

[0036] FIG. 18 is a side cross sectional view of the cutting device of FIG. 16, 

taken along line B-B of FIG. 17; 

[0037] FIG. 19 is a side view of the cutting device of FIG. 16 with the piercing 
element in a retracted position; 

[0038] FIG. 20 is a front view of the cutting device of FIG. 16 with the piercing 
element in the retracted position; and 

[0039] FIG. 21 is a side cross sectional view of the cutting device of FIG. 16 
with the piercing element in the retracted position. 
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Detailed Description of the Invention 

[0040] FIG. 1 illustrates an integrated anastomosis tool 10 for both creating an 
opening in a side wall of a target blood vessel and performing an anastomosis 
procedure to connect a graft vessel to a side of the target blood vessel with a single 
integrated tool. The integrated anastomosis tool 10 of the present invention, 
shown in FIGS. 1-6, includes a cutting device 12, a graft vessel attachment device 
14, an introducer 16, and a tool body 18. The anastomosis procedure is 
performed with the integrated anastomosis tool 10 on a pressurized target vessel 
without the need for clamping of the target vessel. The anastomosis procedure can 
be performed on a pressurized vessel since there is no need to interchange tools 
during the procedure. 

[0041] In each of the embodiments of the present invention, the advancement 
paths of a cutting device and a graft vessel attachment device cross, intersect, or 
align so that both the cutting device and the graft vessel attachment device can both 
be operated by a single tool at the same intended anastomosis site in a sequential 
manner. The integrated anastomosis tool 10 mechanically links the cutting device 
and graft vessel attachment device throughout the anastomosis procedure and 
allows the two devices to be passed sequentially to the anastomosis site. The 
devices may be separated from the tool after the procedure is complete. 
[0042] The integrated anastomosis tool 10 allows the use of a single tool for 
both cutting a hole in a target vessel and attaching a graft vessel to the target vessel 
by sequentially advancing the cutting device 12 and the graft vessel attachment 
device 14 within the tool body 18 in one of the methods which will be described 
with respect to the embodiments illustrated in the figures. " In each of the 
embodiments described herein, the cutting device and graft vessel attachment 
device are moved to the anastomosis site without passing through the graft vessel. 
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In addition, no parts of elements of the cutting. device and graft vessel attachment 
. device pass through the graft vessel preventing possible damage to the graft vessel. 
[0043] In an off-axis cutting device embodiment, illustrated in FIGS. 1-6, a 
cutting device is moved off-axis to allow entry of the graft vessel attachment 
device into the target vessel. In a dual off-axis device, illustrated in FIGS. 7-9, 
both the cutting device and the graft vessel attachment device are movable off-axis 
to allow both the cutting device and the graft vessel attachment device to be 
advanced through a common lumen or opening into the target vessel. In an off- . 
axis graft vessel attachment device embodiment, illustrated in FIGS. 10-12, a 
cutting device is removed along an axis of the tool while a graft vessel attachment 
device is advanced from an off-axis position. In Y arrangement embodiments, 
illustrated in FIGS.. 13 A and 13B, a cutting device and a graft vessel attachment 
device are alternately advanced through a pivoting or stationary introducer. 
Although these specific methods of sequential delivery are illustrated and 
described, the invention relates to all methods of sequential delivery of a cutting 
device and graft vessel attachment device with an integrated or mechanically linked 
tool. 

[0044] FIG... 1 illustrates the integrated anastomosis tool 10 with the cutting 
device 12 in an advanced position for cutting an opening in a side wall of a target 
vessel. The tool body 18 has a distal surface 20 with an opening 22 through which 
the cutting device 12 is advanced. According to one embodiment, the cutting 
device 12 is advanced along with the introducer 16 and after formation of an 
opening in the side wall of the target vessel the introducer is inserted into the 
opening in the target vessel. The introducer 16 maintains hemostasis during 
removal of the cutting device 12 and insertion of the graft vessel attachment device 
14 by limiting blood loss to blood contained within the tool. 
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[0045] The integrated anastomosis tool 10 illustrated herein has been shown 
without the advancement mechanisms for advancing and retracting the cutting 
device 12 and the graft vessel attachment device 14. The advancement 
mechanisms may be removably connected to the tool 10 or may be incorporated in 
the tool and may be any of the known advancement mechanisms including 
mechanical advancing mechanisms such as screws, cams, rods, and the like; 
pneumatic advancing mechanisms; or any other known advancing mechanisms. 
[0046] Referring to FIG. 3, one embodiment of a cutting device 12 is shown. 
The cutting device 12 is partially advanced within the tool body 18 for cutting an 
opening in the target vessel. In an initial position, prior to deployment, the cutting 
device 12 may be completely within the tool body 18 or partially extended through- 
the distal opening 22 as shown in FIG. 3. The cutting device 12 includes an auger 
needle 26 and a circular cutter blade .28. Alternatively, the cutter blade 28 may be 
a non-circular continuous shape, such as an oval. The cutting device 12 is 
advanced by simultaneous forward and rotary motion to the fully extended position 
illustrated in FIG. 4. As the auger needle 26 is advanced and rotated into the 
target vessel wall, the auger grasps and holds the tissue of the target vessel wall 
while the circular blade 28 cuts a clean hole or opening in the target vessel wall*. 
The plug of tissue cut by the circular blade 28 is captured on the auger needle 26 
for removal with the cutting device 12. 

[0047] Surrounding the cutting device 12 is the introducer 16 which may be 
advanced with the cutting device, advanced separately from the cutting device, or 
held in place. Upon cutting of the opening in the target vessel wall, a distal end of 
the introducer 16 is advanced into the opening allowing the cutting device 12 to be 
removed and the graft vessel attachment device to be inserted. 
[0048] In the embodiment of FIGS. 1-6, the cutting device 12 and the introducer 
16 are mounted on a shaft 30 for longitudinal movement within the tool body 18. 
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After advancement of the cutting device 12 and the introducer 16 to the position 
illustrated in FIG. 4, the introducer is held in place by a locking mechanism (not 
shown) while the cutting device is retracted. . 

[0049] FIG. 5 illustrates the integrated anastomosis tool 10 with the cutting 
device 12 being retracted into a storage position. The cutting device is retracted 
by pulling on the cutter shaft 30. The tool body 18 has a recess 32 which holds 
the cutting device 12 in place in the storage position. 

[0050] Once the cutting device 12 has been retracted, a clear path exists for the 
graft vessel attachment device 14 to be advanced axially through the introducer 16 
to perform the anastomosis procedure. This clear path may be referred to as the 
lumen of the. tool and may include the path through the introducer 16. As shown 
in FIGS. 3-6 the graft vessel attachment device 14 includes a shaft 36, an 
implantable anastomosis device 38 attached to the shaft, and a graft vessel 40. The 
graft vessel 40 extends through the shaft 36 and through the implantable device 38. 
An end of the graft vessel 40 is everted over the end of the implantable device 38. 
[0051] During the cutting of the target vessel, the graft vessel attachment device 
14 is contained within the tool body 18 in a chamber 44 which is substantially 
axially aligned with the opening 22. The graft vessel attachment device 14 is 
advanced by a rod 46, as shown in FIG. 6. The introducer 16 includes a plurality 
of slits 48 which allow the distal end of the introducer to expand as the implantable 
device 38 passes through the introducer. In one embodiment, the introducer 16 is 
a plastic introducer with weakened lines along which the introducer splits upon 
application of a force. 

[0052] Upon advancement of the graft vessel attachment device 14, the 
implantable anastomosis device 38 is deployed in a known manner to connect the 
end of the graft vessel 40 to the side of the target vessel to achieve blood flow 
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there between. After deployment, the integrated anastomosis tool 10 is removed 
from the graft vessel by sliding the entire tool 10 off of the graft vessel 40. 
[0053] FIGS. 7-9 illustrate an alternative embodiment of an integrated 
anastomosis tool 50 in which the cutting device 12 and the graft vessel attachment 
device 14 are sequentially moved transversely into a common channel and 
advanced to an anastomosis site. As shown in FIG. 7, an introducer 52 is fixed in 
the tool body 18 and guides the devices to the anastomosis site. Connected to a 
proximal end of the introducer 52 is a tubular member 54 having two side slits 56, 
57 for transversely introducing the cutting device 12 and the graft vessel 
attachment device 14 into the tubular member. The cutting device 12 is mounted 
on a first leaf spring 58 and the graft vessel attachment device 14 is mounted on a 
second leaf spring 60 which are used for advancing and withdrawing these 
devices. 

[0054] As shown in FIG. 8 and 9, the cutting device 12 is first moved 
transversely into the tubular member 54 through the side slit 57 and then advanced 
or shuttled through the tubular member 54 and the introducer 52 to cut a plug of 
tissue in the manner described above. The cutting device 12 is removed from the 
tubular member 54. A ramp within the tubular member 54 .may be used to guide 
the cutting device out of the side slit 57. The graft vessel attachment device 14 is 
moved transversely into the tubular member and shuttled forward through the 
tubular member and the introducer in the same manner. In this way, the two 
devices are shuttled to and from the anastomosis site through a single introducer 
52 from an integral tool body 18. 

[0055] FIGS. 10-12 illustrate an alternative embodiment of an integrated 
anastomosis tool 70 including a cutting device 12 which is positioned inside a 
tubular member 74. The cutting device 12 is advanced substantially axially 
through the tubular member 74 and an introducer 72 to an anastomosis site. A 
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graft vessel attachment device 14 of the integrated anastomosis tool 70 is initially 
positioned in the tool body 18 beside the tubular member 74. The tubular member 
74 has a side slit 76 sized to allow the graft vessel attachment tool 14 to be moved 
transversely into the tubular member 74. Once the cutting device 12 has been 
advanced to cut the opening in the target vessel and withdrawn to a position 
substantially proximal of the slit 76, the graft vessel attachment device 14 is moved 
transversely into the tubular member 74. 

[0056] The graft vessel attachment device 14 and/or the cutting device 12 in the " 
embodiments described above may be moved transversely in any known manner. 
For example, the graft vessel attachment device 14 of FIG. 10 may be mounted on 
a leaf spring element 78 which permanently biases the graft vessel attachment 
device toward the tubular member 74. Prior to deployment, the graft vessel . 
attachment device 14 is retained outside the tubular member 74 by any known type 
of holding mechanism. An initial lack of alignment between the side slit 76 and 
the graft vessel attachment device 14 can function as a holding mechanism. After 
the cutting device 12 has been actuated to cut an opening in the target vessel, it is 
withdrawn. Then the holding mechanism is release or the graft vessel attachment 
device 14 is aligned with the side slit 76 and the leaf spring element 78 moves the 
graft vessel attachment device into the lumen of the tubular member 74 due to the 
bias of the spring. The leaf spring element 78 also functions to advance the. graft 
vessel attachment device 14 through the tubular member 74 and the introducer 72 
to the position illustrated in FIG. 12 for. deployment of the implantable 
anastomosis device 38. 

[0057] FIG. 13 A illustrates an alternative embodiment of an integrated 
anastomosis tool 90 in which the cutting device 12 and the graft vessel attachment 
device 14 are arranged to be advanced along intersecting paths which form a 
substantially Y-shape. The integrated tool 90 includes an introducer 92.. The tool 
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body 18 also includes two internal deflectors or ramps 98 for directing the cutting 
device 12 and the graft vessel attachment device 14 along the intersecting paths. 
[0058] In operation of the integrated anastomosis tool 90 of FIG'. 13A, the 
cutting device 12 is first advanced within the tool body 18 until a distal end of the 
cutting device 12 contacts the ramp 98 and is directed into a funnel shaped 
proximal end 96 of the introducer 92. 

[0059] FIG. 13B illustrates an alternative embodiment of the integrated 
anastomosis tool 90 with a Y arrangement and an introducer 92 pivotally mounted 
in the tool body on two pivots 94. The introducer 92 is pivotable to accommodate 
the different directions of advancement of the cutting device 12 and the graft vessel . 
attachment tool 14. 

[0060] In both embodiments of FIGS. 13A and 13B, after cutting the opening in 
the side wall of the target vessel with the cutting device 12, a distal end of the 
introducer 92 is inserted into the opening to prevent blood loss and maintain 
alignment between the introducer and the opening. The cutting device 12 is then 
withdrawn to a storage position outside of the introducer 92 for advancement of 
the graft vessel attachment device 14. 

[0061] The graft vessel attachment device 14 is . advanced distally in the same 
manner as the cutting device 12 to contact the ramp 98 or enter the pivoting 
introducer 92 and is directed through the introducer 92. The graft vessel is then 
attached to the target vessel in any known manner. 

[0062] Although it is described that the introducers be inserted into the opening 
in the target vessel in each of the embodiments of the present invention, it is also 
possible to use the integrated anastomosis tools described herein without inserting 
an introducer into the opening if the cutting device and graft vessel attachment 
device are interchanged quickly to minimize blood loss. However, the introducer 



-14- 



Patent 

' Attorney Docket No. 032405-056 

also provides the advantage of locating the opening in the target vessel for the 
connection of the graft vessel. 

[0063] FIGS. 14 and 15 illustrate one exemplary embodiment of a graft vessel 
attachment device 100 which may be incorporated in the integrated tool of the 
present invention for deploying a one piece implantable anastomosis device 102. 
The implantable anastomosis device 102 is deployed by the expansion of a distal 
linkage 104 and a proximal linkage 106 to form distal and proximal flanges which 
trap, the side wall of the target vessel between the flanges. The operation and 
deployment of this implantable anastomosis device is described in detail in 
International Application No. WO 00/69343, which is incorporated herein by 
reference in its entirety. 

[0064] The graft vessel attachment device 14 for use in the present invention 
may be any of the known automated anastomosis systems . such as those that use 
staples, sutures, one piece devices, or multi-piece devices to connect an end of a 
graft vessel to an opening in a side wall of a target vessel. Examples of other graft 
vessel attachment devices are described in U.S. Patent Nos. 6,179,849 and 
6,206,913, in International Application No. WO 01/08601, and in the references 
cited therein. 

[0065] FIGS. 16-21 illustrate one exemplary embodiment of a cutting device 
120 for use in the present invention wherein a one piece piercing element 122 is ' 
movable within an introducer 124 with a circular cutting edge 126 at a distal end. 
The piercing element 122 can be retracted by a spring steel strap 128 to a storage 
position within the introducer 124. 

[0066] As shown in FIG. 16, the introducer 124 is bifurcated along cuts 130 to 
allow the introducer to expand so that a graft vessel attachment device can pass 
through the introducer. An elongated opening 132 is located on one side of the 
introducer 124 between the cuts 130. 
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[0067] As shown in FIGS. 19-21, the piercing element 122 can be retracted into 
the introducer 124 by a member such as spring steel strap or cable 128 which 
extends out of the opening 132. The piercing element 122 is slidable in a bore in 
the introducer 124 from an incision forming position outside the introducer (-FIGS. 
13-18) to a storage position in the opening 132 (FIGS. 19-21). With this 
arrangement, the strap 128 holds the piercing element .122 in the forward position 
when it is pierced through the target vessel wall (e.g., aorta wall) and the piercing 
element can then be pulled to the storage position by pulling back on the strap. 
With the piercing element thus pulled out of the opening 132, an anastomosis 
device can be delivered through the bore in the introducer 124 to the incision site. 
Because the two halves of the introducer 124 can be separated to allow radial 
expansion of the introducer, the implantable anastomosis device and the 
deployment device for delivering the implantable device can be larger than the 
bore in the introducer. 

[0068] The term "cutting device," as used herein, is intended to mean any 
instrument which forms an opening in a target vessel, including tissue punches 
which cut a plug of tissue as shown in FIGS. 16-18, rotatable tissue cutters as 
shown in FIGS. 1-15, and all other tissue cutters and punches which form an 
incision or opening in a target vessel. The motion of the cutting device 12 relative 
to the tool body 18, as described above, is independent of the particular 
embodiment of the cutting device 12 that is utilized. 

[0069] While the invention has-been described in detail with reference to the 
alterative embodiments thereof, it will be apparent to one skilled in the art that 
various changes and modifications can be made and equivalents employed, without 
departing from the present invention. 



